A New Spirochata found in Human Blood. By HELEN CHAMBERS.' (PRELIMINARY COMMUNICATI6N.) INTRODUCTION. IN the course of a research on the pathology of Graves's disease a spirochaeta has been found in human blood which, as far as I know, has not been previously described as infecting the blood-stream in man. Before discussing the organism in detail an explanation of the ideas which have led to its being detected is perhaps desirable.
At the Royal Free Hospital there are special facilities, in that there is a large supply of material for the study of the pathology of goitre, and during the last nine years the writer has examined over 500 specimens removed by surgical operation. The results of the early part of this work were published in the British Medical Journal of September 25, 1909. In this paper the conclusion was reached that, in some of the goitre cases, the thyroid gland shows changes which indicate a chronic inflammatory process, and it was pointed out that these inflammatory changes are similar to the effects produced in tissues by infection with the Treponema pallidumn. In many of these goitre cases syphilis can be certainly excluded; many attempts were therdfore made to find evidence of the presence of some other infecting agent in the thyroid gland, but without success. Now the majority of goitre specimens showing these histological changes were from patients who had suffered from the symptoms of hyperthyroidism-i.e., they were cases of primary or secondary Graves's disease. The inquiry therefore became concentrated more particularly on Graves's disease. In many cases of primary Graves's disease, if the gland be examined carefully it is found that the changes are not uniform throughout the gland tissue. The absence of colloid and alteration in shape of the vesicles, with consequent opacity of the tissue, occurs sometimes in ' A Paper read at the Laboratory Meeting of the Section held at the Middlesex Hospital on May 20, 1913. 2 From the Pathological Laboratory of the Royal Free Hospital. localized areas. White nodules are found in the gland varying from the size of miliary tubercles to patches 2 in. in diameter and larger, and in the centre of these nodules it is common to find a collection of lymphocytes and plasma cells. This distribution and the recognition of the fact that vesicles similar in shape to those in Graves's disease are found in a thyroid gland inflamed as a result of injury, give support to the idea that the cause of the condition is an organism which has lodged in the centre of these foci.
A short time ago it occurred to the writer that, if this hypothesis be true, the infecting agent would probably not be limited to the thyroid gland. There might be a general blood infection, the thyroid gland changes and symptoms being due to local congestion or inflammatory changes caused by such infection-a somewhat parallel condition to what occurs in trypanosomiasis and sleeping sickness. In support of this theory it may be remembered that Graves's disease, like trypanosomiasis and syphilis, is usually associated with lymphocytosis and some swelling of the lymphatic glands.
The blood from several cases of Graves's disease was .therefore examined, and a spirochaeta was found, having in all the cases the same apparent characteristics. Further examination, with somewhat improved technique, has shown, however, that this organism is extremely common in human blood, and that it occurs in almost every specimen examined, in both patients and healthy people. Up to the present time the blood from twelve cases of Graves's disease, from twenty patients suffering from other diseases, and frollm fifteen healthy people has been examined a total of forty-seven cases-and the organism has been detected in all except three. It has been found in children as well as in adults.
TECHNIQUE.
The blood is collected in a small Wright's tube and is allowed to clot at 370 C. for twenty m-inutes. The serum which has separated is then pipetted off. If a drop of this serum be placed on a slide and covered with a cover-glass 7 in. square and examined by dark ground illumination, in most cases one or two organisms can be found on the slide. The remainder of the clot is returned to the incubator, and after one and a half hours the serum which has separated owing to further shrinkage of the clot is examined by dark ground illumination. The organisms escape into the serum chiefly during the last stage of the contraction of the clot, and by adopting the above procedure they are concentrated in a small volume of the serum. As a rule they are easily seen. The number found varies considerably. In the majority of specimens prepared in this way four or eight can be found on each slide, in other cases the organisms are very numerous, ten and more being found in each field of the microscope.
Some of the specimens of blood containing the largest numbers have been obtained from apparently healthy people. The number of organisms found flctuates at different times. In three cases examined six weeks ago the blood contained the organismn in large numbers; on many subsequent examinations comparatively few were found. They have now, however, increased and are almost as numerous as when the blood was first examined.
MORPHOLOGICAL CHARACTERS.
The organism is actively motile and is very variable both in length and thickness. The majority measure from 4 ,L to 30 A in length; very long forms are, however, met with. Some are extremely thin, like the Treponema pallidum, others are almost as thick as typhoid bacilli. The body is soft and flexible when thin and forms open curves, which are constantly being obliterated and re-formed. It is more rigid in the thicker forms. When free it moves ifi either direction. It is often attached by one end, sometimes by both ends, and the body then shows continuous lateral movements. In the thicker forms it shows a fine spiral structure, appearing as dark and light, closely set transverse lines-waves of motion passing longitudinally from end to end of the spirochaota can often be detected. Sometimes the terminal portion moves from side to side independently of the rest of the organism. The ends are usually rounded, sometimes they are swollen and look like spores; in the finer spirochaetee the ends are tapering. The spirochatae have been seen to vary in length, and are sometimes partly straight and partly spiral. Round spore-like bodies are sometimes found loosely attached to the ends or laterally on to the spirochaetee. Division takes place longitudinally and the organism has been seen in various stages of partial division. It differs from the Treponema pallidum in that the ends are usually rounded, the body is more flexible, and the curves are capable of straightening out. The thinner forms are, however, difficult to distinguish. Fig. 1 is a diagraIn of the organism as seen by dark ground illumination.
STAINING.
The spirochaeta Whas been stained with Leishmian and Giemsa's stain. Small red chromatin granules are often found at the ends, and sometimes these granules' occur along the length of the organism. The rest of the spirochbeta stains faintly blue. It is not 'stained by Gram's method. The thick forms are easier to stain than the thin spirochatae, and in stained films the latter are often not detected. The best results with stained films have been obtained from a forty-eighthour broth culture. They were fixed in absolute alcohol for ten FIG. 1. Diagrammatic representation of the spirochetae seen in normal serum when examined by dark ground illumination.
minutes, then treated with 1 per cent. osmic acid for ten seconds and stained for ten minutes with aniline gentian violet. Fig. 2 shows photomicrographs of a film prepared in this way. Many of the organisms are, when stained, almost straight; others show a very distinct spiral structure (see fig. 2 ).
Repeated, but unsuccessful, attempts have been made to stain the spirochaetae grown in serunm which has been incubated for twentyfour hours. As will be seen later, this serum, on examination by dark ground illumination, contains actively motile organisms in large numbers.
The spirochEeta have been stained in blood-clot by Levaditi's pyridin method. The original method of Levaditi for staining the Treponema pallidurn in tissue has not, however, given successful results.
CULTIVATION.
If the serum which has separated from the clot after half an hour at 370 C. be pipetted off, left in the incubator at 370 C. overnight, and examined the next day, it is found that the clear supernatant fluid contains very few, if any, organisms. The fluid surrounding the corpuscular deposit at the bottom, however, contains the spirochaetae in very large numbers. They have obviously multiplied. They are, however, extremely thin and will not be seen at all unless a strong light is used for the dark ground illumination. If the serum be shaken and then vigorously centrifugalized and the supernatant clear fluid examined, it is found to contain numerous spirochaitai. Presumably, therefore, gravity has not much effect upon them when they are immersed in serum, and they are found in the corpuscular deposit because this is the only part of the fluid where the conditions are suitable for growth.
If blood be taken from a vein with the technique used for blood cultures, and introduced into broth flasks and incubated for twentyfour hours, the spirochaitae are found in large numbers amongst the corpuscles at. the bottom, but not elsewhere-i.e., if the broth has not been disturbed. This occurs if 2 c.c. of blood is introduced into 40 c.c. of broth. The flask is shaken at the time the blood is collected and the culture medium is therefore largely broth. The spirochaete disappear if the broth becomes extensively contaminated with other organisms. They have been found, however, actively motile for two days in conjunction with streptococci.
A broth tube containing these organisms was heated to 50O C. for an hour. They were still actively motile.
Blood has been shed into melted glucose agar,tubes at 420 C. and the agar then allowed to set. The organisms multiply in the bloodclot and are found in large numbers twenty-four hours later, and are still actively motile after twenty days at 37°C. After several days' incubation, many thick forms are found in addition to the finer spirochaetae.
In all the above attempts at cultivation the organism has multiplied in the blood itself or in the first cultures taken. It has not, up to the present, been successfully sub-cultured on to artificial culture media. 
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